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OF INTEREST TO MANAGERS

Randall L. Brown, DWR
rbrown@water.ca.gov

Thisisthe annual status and trends issue. Abundance
data for many key Bay-Delta organisms are included as
well as a description of the 1999 pumping and hydrology.
Here are afew observations about the trend data:

¢ Although the 1999 water year was wet, there was
little spring precipitation and spring outflows
decreased to near dry year levels (Friend, page
11). The unusual flow patterns, combined with
VAMP and relatively cool water temperatures
may have interacted to keep juvenile delta smelt
exposed to CVP and SWP pumping for an
extended period (Nobriga, Hymanson, and Olt-
mann, page 55). The authors predict that we may
bein for asimilar problem in 2000.

* Inareview of nutrient budget and ecosystem
metabolism, Hollibaugh (page 13) points out that
algae growth is generally light limited in the Bay,
that the trophic status of embayments can vary
seasonally (from net producer to consumer) and
that nutrient loading is dominated by treated sew-

age input.

e Orsi (page 17) concluded that in 1999 there were
no major changes in zooplankton and Neomysis
abundance in the northern estuary. The exception
was an introduced zooplankter, Acartiella sinen-
sis, which continued to decrease in abundance.

» Splittail young-of-the-year abundance (Baxter,
page 19) was moderate in 1999 and much lower
than 1998. There was, however, strong recruit-
ment from the strong 1998 year class, which may
lead to subsequent increased adult abundance.

* Dedtasmdt catches, bothin summer and fall, were
relatively strong, being the third highest since
1981 (Rockriver and Fleming, page 21). Salvage
at the State and federal intakes was estimated at
more than 150,000 fish and exceeded ESA red
light take levels for May, June, and July.

¢ There was considerable variation in the 1999
abundance of bay species (Hieb, page 22).

Bay species exhibiting moderate to strong abundance indices

northern anchovy California halibut

bay goby english sole
staghorn sculpin speckled sanddab

dungeness crab

Bay species exhibiting poor to fair abundance indices

bay shrimp yellowfin goby
Pacific herring all surfperches
jacksmelt

white croaker

» Deltaresident fish (Kogut, page 27) indices were
variable but over the years 1995, 1997, and 1999
there appeared to be increasing trend in sucker
abundance and adecreasing trend in catfish
catches.

< Juvenile white sturgeon abundance (Schaffter,
page 30) continues to reflect lack of fish being
recruited from the 1987-1992 year classes

» Juvenile chinook salmon catchesin 1999
(McLain, page 31) were generally lower than
average catches during the 1988-1998 period.

e Adult chinook salmon escapements (Brown and
Chappell, page 34) to Central Valley streamswere
generaly good. The ocean harvest index of 52%
was the second lowest for the period of record,
indicating that harvest restrictions are working.

e Summer and fall juvenile striped bass indices
(Gartz, page 38) continued low in 1999. The 1999
summer townet index of 2.2 wasamong thelowest
in the 40+ year period of record.

» Burau et a. (page 45) present a concise summary
of the results of recent hydrodynamic research in
the Delta and northern estuary. It should be
required reading for managers and scientists work-
ing in thisregion.




AN UPDATE ON CALFED SCIENCE

Randall L. Brown, DWR
rbrown@water.ca.gov

Inthe past several monthsthere has been an increas-
ing recognition of the importance of science by the
CALFED community. The science components being
discussed relate the need for reliable baseline data to
assess status and trends, research and monitoring as part
of adaptive management, more widespread publication,
external review of proposed projects, and tranglation of
scientific resultsfor managers. A few of the activities of
particular interest may be:

» Recommendations for aquatic and terrestrial base-
line monitoring programs with initial drafts being
prepared by me and Peter Stine (USGS) respec-
tively. Many of you will be involved in reviewing
the draft.

» Aneffort to improve coordination of monitoring
and research activitiesin the Bay-Deltaand its
watershed. Aninitial meeting to evaluate the need
and mechanismsfor this coordination will be held
on May 18, 2000.

Appointment of an Interim Science Board by
CALFED’s Ecosystem Restoration Program.
These scientists will help CALFED identify sci-
ence needs, evaluate research and monitoring pro-
posals and other science issues related to the ERP.

Consideration of appointing an interim science
leader in CALFED to provide afocal point to
coordinate the broad scientific program.

Appointing a Science Oversight Team to assume
many of the duties of the Interim Science Leader
until the position isfilled.

Consideration of the Delta-Watershed Science
Center to provide theinfrastructure needed to sup-
port data collection, analysis, and reporting during
CALFEd s anticipated multi-decade program. If
this Science Center were established, it would be
complementary to efforts being considered by UC
Davis near the Cosumnes River, and by others
near Big Break.

FROM THE MANAGING EDITOR

Randall L. Brown, Chief
DWR Environmental Services Office

Thisismy last issue of the |[EP Newsletter. | thank al the contributors for your articles and many of you for sugges-
tions on how to improve the newsletter. For those of you who have been following it since 1989, | hope you have found
it to be informative and noticed changes to make it more reader friendly.

Chuck Armor (carmor@delta.dfg.ca.gov) and Zach Hymanson (zachary @water.ca.gov) are assuming managing
editor responsibilities and Lauren Buffaloe will continuein her role astechnical editor and production manager. The IEP
has also established and editorial board to assist in obtaining and reviewing articles. | encourage you to continue provid-
ing articles, notes and suggestions for improvement. (As Wim Kimmerer does on page 44). As always, the goal is pro-
videinformationin a“worksin progress’ style that hel ps keep scientists, managers, stakeholders and the general public
aware of what isgoing on in the San Francisco Estuary and Sacramento-San Joaquin Delta. (Wim, did | get it right?) As
the |IEP and CALFED evolve, expect to see more articles about the watershed.

|EP staff and others thinking about contributing an article to the newsletter should also consider publishing their
resultsin technical journals and presenting papers at local, regional, national and international scientific meetings. The
| EP has accumulated awealth of data—much of which has not been analyzed and reported. | EP scientists and engineers
also must improve on our ability to communicate technical information to managers and policy makers with the objec-
tive of improved decision making.

Thanksagain for al your help. Although | am retiring from State service, | plan to stay engaged in some Bay-Deltaactiv-
ities at least through the October 2000 CALFED Science Conference.
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INTERAGENCY ECOLOGICAL PROGRAM QUARTERLY HIGHLIGHTS

DELTA FLOW MEASUREMENT

Richard N. Oltmann, USGS
rnoltmann@usgs.gov, (916)278-3129

The UVM and side-looking ADCP (SL-ADCP) con-
tinuous flow-monitoring network survived the high flows
of February and March without any major operational
problems. However, efforts to calibrate the SL-ADCP at
Threemile Slough have not been successful, which pre-
cluded the indirect measurement of Delta outflow using
flow datafor Threemile Slough and three other UVM sta-
tions. The SL-ADCPwasinstalled at Threemile Slough to
replace the UVM when atransducer pile was damaged by
apassing vessel. However, the complex hydraulicsin the
slough, such as flow asymmetry across the channel and
sand wave effects, prevented the development of a usable
index velocity relation. A UVM will be reinstalled at
Threemile Slough during April.

Several more flow calibration measurements were
made during the quarter at each of the three recently
installed SL-ADCP continuous tidal flow monitoring sta-
tionsin the south Delta. The three stations are Grant Line
Canal at Tracy Road Bridge, Old River at the Highway 4
crossing, and Old River just east of the temporary barrier
location near Delta Mendota Canal. The flow measure-
ment data were used to calibrate the SL-ADCP measured
index velocity recorded at each station. Time series of
tidal flows were calculated for each site covering the
period when the SL-ADCP was installed to the present.

Tidal and daily flow data from the UVM and SL-
ADCP stations will soon be available in near real time
from a website under development by the USGS. This
new website will also have alink to the new hydrodynam-
ics database, al so being devel oped by the USGS. The new
database will replace the old FORTRAN database that has
been in use for the last 15 years or so. The new database
will contain historical UVM and UL-ADCP flow and
stage data and other assorted data for the Delta and Bay.

JUVENILE SALMON M ONITORING

Rick Burmester, USFWS
rburmest@delta.dfg.ca.gov, (209) 946-6400 ext. 316

Deltamonitoring efforts continued through the winter
sampling period. Lower Sacramento River seining col-
lected 57 winter-run-sized chinook between January 11
and February 25 (68 to 111 mm), two late-fall runin mid-
January (124 and 127 mm), 149 spring run (52 to 84 mm),
and 4,780 fall run (52 to 84 mm) between January 18 and
March 22. The intensive Sacramento area beach seine
effort ended on March 9 with 42 winter run captured
through February 10 (68 to 166 mm), 110 spring run (41
to 67 mm), and 4,772 fal run (28 to 58 mm). The north,
central, and south Delta seines collected atotal of 39 win-
ter run through March 8 (97 to 138 mm), two late-fall in
early February (145 and 158 mm), 163 spring run (44 to
87 mm) and 12,599 fall run (29 to 70 mm) by March 28.
On February 1, as flows increased, and al up river sites
were accessible by boat, the San Joaquin River beach
seine run began capturing juvenile chinook. Through
March 29, 113 fry were captured. The San Francisco Bay
area beach seine collected nine fall-run chinook between
February 22 and March 16 (34 to 52 mm).

The Kodiak trawl at Sacramento captured 51 winter
run (79 to 141 mm), one late-fall run (154 mm), 143
spring run (47 to 94 mm), and 3,094 fall run (30 to 70 mm)
between January 13 and March 29. Midwater trawling
replaced Kodiak trawling beginning in April.

Kodiak trawling at M ossdal e continued with 355 chi-
nook captured since January 28. One was large enough to
be classified as a winter run by the Delta size criteria
(84 mm). DFG Region 4 took over sampling on April 3.

Between January 13 and April 2, the Chipps Island
trawl has captured 84 winter run (90 to 144 mm), 7 late-
fall run (124 to 195 mm), 71 spring run (64 to 99 mm), and
52 fall run (32 to 73 mm). One yearling fall run was cap-
tured on January 13 (223 mm). Delta smelt catches have
been fairly low and take concerns have not limited sam-
pling since December.




Fall-run fry survival experiments were initiated this
year with Coleman National Fish Hatchery releases bel ow
Red Bluff Diversion Dam and at Clarksburg, and Feather
River Hatchery releases at Isleton and the mouth of the
Mokelumne River. Due to the low efficiency of the
Chipps Idand trawl for fry, the primary results of these
testswill befrom the adult recoveriesin the ocean fishery,
three and four years from now. Comparisonswill be made
to similar fry studies conducted from 1980 to 1986.

On March 29, a CALFED-funded health monitoring
study of hatchery and natura fall run chinook juveniles
began on the San Joaquin River and the Delta. The study
by the California-Nevada Fish Health Center and the
USFWS Stockton office is looking at natural stocks and
both hatchery production at the hatchery and emigrating
hatchery stocks. Fish will be examined externally for gill,
skin, and eye abnormalities. Internal organ abnormalities
will be noted. Samples taken will include blood, gill
ATPase, bacterial, viral, percent lipid, and tissue for his-
tological analysis. The study will end June 30, 2000.

Catches of non-adipose-clipped steelhead collected
between January and March were low. The north Delta
seine caught seven steelhead (160 to 247 mm). Five stedl-
head were captured at Sacramento Kodiak trawl (221 to
328 mm), and 15 at Chipps Island (180 to 384 mm).

For more information on the season’s fisheries data,
see the USFWS Stockton monitoring summary report at
http://165.235.108.8/usfws/monitoring/report.asp.

DELTA OUTFLOW AND SAN FRANCISCO BAY
STuDY

Kathryn Hieb, DFG
khieb@delta.dfg.ca.gov, (209) 942-6078

The Delta Outflow-San Francisco Bay Study reiniti-
ated monthly sampling in January 2000 after atwo-month
hiatus due to repairs of the RV Longfin. Catches of many
species are at their seasonal low in winter; however, there
were several noteworthy catches this year. In January we
collected a record number of Pacific and river lampreys,
with 198 lampreysin one tow. We began to collect age-0
Pacific herring in January—at least one month earlier than
other years. By March, this cohort was 50 to 60 mm FL.
We have not seen a cohort in this size range this early
since 1980 and 1981. These fish are most likely from a

mid-November spawn in Richardson Bay and were saved
for Mike O’ Farrell, aSan Francisco State University grad-
uate student who is calculating age and daily growth of
age-0 herring.

We continued to collect a relatively large number of
Cdlifornia halibut. Most were 225 to 350 mm TL, which
are age-2 and age-3 fish spawned during the 1997—1998
El Nifio event. We aso continued to collect a few of the
recently introduced goby, Tridentiger barbartus, in San
Pablo and Suisun bays. Finally, adult Chinese mitten
crabs were concentrated in Carquinez Strait and the San
Pablo Bay channel. The 19992000 mitten crab CPUE
(number/tow) was approximately 40% of the 1998-1999
CPUE (0.78 vs. 1.98); thisisamuch smaller decreasethan
reported from the USBR Tracy Salvage Facility, where
approximately 90,000 adult crabs were collected in fall
1999, compared to at least 750,000 crabsin fall 1998.

SPLITTAIL INVESTIGATIONS

Randall Baxter, DFG
rbaxter @delta.dfg.ca.gov, (209) 942-6081

Office duties dominated work during the quarter. The
hiring processwasinitiated to replace abiologist and tem-
porary staff in preparation for the 2000 field season. Sci-
entific Aids will start in April and with any luck a
biologist will start in May. Fieldwork investigating juve-
nile splittail riverine habitat should begin in late May.

Winter rains and floodplain inundation from late Jan-
uary through mid-March stimulated a substantial adult
migration, as indicated by high angler catches in the Sac-
ramento River and high salvage at the State and federal
fish facilities. Unfortunately, rainsdid not persist and thus
by late March peak spawning season, floodplains were
draining rapidly, with most going dry by April. Nonethe-
less, the North Bay Aqueduct larval fish survey (see web-
site at http://www.delta.dfg.ca.gov/index.html) caught
relatively high numbers of splittail larvae from March 10
to 18 (samples identified to date), providing evidence of
successful spawning and floodplain escapement from the
area around Yolo Bypass, Liberty Island, and Miner
Slough. Some larvae escapement is also expected from
the Sutter Bypass, Cosumnes River, and the lower San
Joagquin River.
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Analytical tasks involved conversion of splittail data-
bases from dBase to Microsoft Access for abundance
index calculation, review of previous abundance indices,
and the development of draft, short-term criteriafor mon-
itoring splittail population status to be used, in part, to
evaluate the success of CALFED-sponsored restoration
projects. Some abundance indices for 1999 are reported
elsawhere in this newsletter. The draft document describ-
ing short-term monitoring criteria is being revised based
on DFG comments for interagency distribution this
spring.

CHINESE MITTEN CRAB HABITAT USE STUDY

Tanya Veldhuizen and Dan Corcoran, DWR
tanyav@water.ca.gov, (916) 227-2553

The objective of the Chinese Mitten Crab Habitat Use
Study is to determine the relative abundance of juvenile
and adult mitten crabs among various habitats in the Sac-
ramento-San Joaquin Delta. Thisinformation will be used
toidentify the habitatsthat the mitten crab may potentially
affect and to determine the habitat types to target for
future mitten crab monitoring and research projects.
Monthly sampling commenced February 2000 and will
continue through December 2000. We are sampling at six
sitesin the central Delta: Franks Tract at False River, San
Joaguin River at Hayes Point, San Joaguin River at
Mandeville Point, Latham Slough at Mildred Island, Old
River at Rock Slough, and Connection Slough at Little
Mandeville Island. Two sites (Franks Tract and Latham
Slough) are index sites, meaning they are sampled every
month. Sampling at the remaining four sites occurs on a
bi-monthly basis with two of the four sites sampled each
month. Field sampling occurs during the two weeks sur-
rounding the full moon when the crabs are reportedly
most active. Methods of sampling are baited traps (baited
with 250 to 300 g of sardines) fished for 24 hours and
“crab condos’ (a cluster of PVC tubes used by the crabs
as cover) fished for 48 hours (for a detailed description of
these gear types, see |IEP Newsdletter 13(1):10. Twenty-
five baited traps and 20 crab condos are set at each site,
resulting in atotal of 100 baited trap samples and 80 crab
condo samples per month. The sampling effort is divided
between several habitat categories: shallow areas (0 to
2 m) with and without vegetation, mid-depth areas (2.5 to
5 m), and deep areas (5 m and larger). Data on additional
habitat characteristics and physical factors are aso
recorded, such as substrate type, distance to the bank, dis-

tanceto the habitat edge, vegetation type and density, tidal
phase, and water quality parameters.

We have collected only one mitten crab to date. A
large female (62 mm) was captured in approximately 6 m
of water in a baited trap during the March sampling
period. We presume the crab was a resident that did not
make the seaward migration last fall despite reaching
adult size. No juveniles have been collected to date; we
anticipate capturing juveniles when the new year-class
migrates into the Delta from the lower estuary. Commer-
cial crayfish fishermen are beginning to capture afew mit-
ten crabs in baited traps in the Delta (in the San Joaguin
River at Hayes Point and in the lower Mokelumne River).

In addition to the main study objective, we are also
investigating the habitat utilization overlap between mit-
ten crabs and crayfish in the Delta. In February and
March, 23 signal crayfish were captured with baited traps
in areas 2.5- to 9.5-m deep, with the majority (78%) cap-
tured in areas over 5-m deep. Four red swamp crayfish
were collected in both shallow and deep water areas (1 to
9m) in baited traps and crab condos during this same time
period. Thisinvestigation will complement research con-
ducted by UC Berkeley on the dietary overlap, habitat uti-
lization overlap, and behaviora interactions between
these same species in South Bay tributaries.

SHALLOW WATER METHODS PROJECT

Mike Chotkowski®, Randall Baxter2, Matt Nobriga®, and
Lenny Grimaldo®

1 USBR, chotski @ix.netcom.com
2DFG
3DWR

Project staff are preparing for the 2000 field season,
expected to begin in earnest in June. A new boat for shal-
low water work, a Munson Packman Beachcraft, has been
ordered and will probably be delivered in the summer.
Four Scientific Aideswill be hired in May or June.

The 2000 field program will consist primarily of gear
testing, including minnow seine, block net methods, boat-
mounted electrofisher, and two new gear types for delta
smelt early life history stages (see next paragraph). Field
collections of piscivorous fishes will also be obtained in




support of the companion Predator-Prey Dynamics
Project.

A new gear intended to collect delta smelt eggs is
being tested in cooperation with Delta Smelt Investiga-
tions personnel, and a new larvasampling gear is
planned. The egg gear consists of gangs of ten 6-inch or
8-inch glazed ceramic tiles, with about 1 m between adja-
cent tiles. The tiles provide a smooth solid surface to
which smelt eggs may adhere. This gear has been used
successfully elsewhere to sample rainbow smelt
(Osmerus mordax) eggs in the Great Lakes region.

Nineteen gangs of egg tiles are presently deployed in
a variety of shore habitats in Miner Slough, the Sacra-
mento Deep Water Ship Channel, Old Prospect Island,
and Prospect Slough. The gangs are now being checked
approximately weekly. On March 24, after gangs had
been in thewater for two days, asinglefish egg wasfound
on atile at each of two sites in Miner Slough. Both sites
were margins of tule stands in less than a meter of water.
The eggs have not been authoritatively examined, but one
appearsto be of an osmerid species. The other is probably
a cyprinid egg. No eggs were found in a check on
March 27.

CHINOOK SALMON OTOLITH STUDY

Rob Titus, DFG
rtitus@delta.dfg.ca.gov

Since 1998 the IEP has helped fund a pilot study
undertaken by the DFG'’s Stream Evaluation Program to
evaluate the efficacy of otolith microstructure analysisin
measuring riverine and Delta-estuarine rearing periods of
Central Valley chinook salmon and steelhead. This infor-
mation will be used to evaluate the role of Delta and estu-
arine rearing in the success of the salmon and steelhead.
Success is defined as survival to key recruitment stages,
such as ocean entry and adult return.

Work to date has emphasized the development of a
sampling design for the collection of both juvenile and
adult sailmon and steelhead otoliths throughout the sys-
tem, collection coordination, and development of proto-
cols for collection and archiving of samples, sample
preparation and analysis, and data management and anal-
ySiS.

The basic study approach is to sample juvenile
salmon and steelhead successively in time and space as
they proceed through the system to validate a change in
both qualitative and quantitative otolith microstructure
attributes against an associated change in major habitat
zone (for example, from natal tributary to upper mainstem
river to lower river to Deltato Bay). Sampling is coordi-
nated with existing juvenile emigration monitoring activ-
ities throughout the system, including those on Clear
Creek, the upper Sacramento River at Balls Ferry, Mill
Creek, Deer Creek, Sacramento River at GCID, Butte
Creek, Sacramento River at Knights Landing, Feather
River, Yuba River, Dry Creek, lower American River,
Sacramento River at Sacramento, Cosumnes River,
Mokelumne River, Stanislaus River, Tuolumne River,
Merced River, San Joaquin River at Mossdale, interior
Delta points including the State and federal pumping
facilities, and at Chipps Island. Sampling also occurs at
Coleman, Feather River, Nimbus, and Mokelumne River
fish hatcheries and at the Merced River Fish Facility.

During January through March 2000, sample collec-
tions were coordinated for juvenile salmon and steelhead
moving through the system during the current emigration
season. Current analysis is focused on describing the age
(in days) of juvenile salmon and steelhead as they entered
the Delta, and then exited the Delta. The 1998 datawill be
used to provide a gross measure of Delta residence time
and a demonstration of some of the basic attributes of the
methodology within this context. These results, along
with documentation of all protocols devel oped to date, are
being summarized for a future report.

KNIGHTS LANDING JUVENILE SALMONID
MONITORING

Bill Snhider and Rob Titus, DFG
bsnider @delta.dfg.ca.gov

The monitoring program at Knights Landing on the
lower Sacramento River is apotential long-term monitor-
ing element of the |EP that isintended to identify the tim-
ing, relative abundance, and disposition of juvenile
chinook salmon and steelhead emigrating into the lower
Sacramento River and Delta, with emphasis on providing
early detection of Delta-bound juvenile salmonids for
management purposes. These objectives have been given
a high priority by the Salmon Project Work Team, as a




Interagency Ecological Program Newsletter

result of the Delta PWT’ slatest list of questions and prob-
lem areas to be addressed by the group.

Monitoring results during the 1999 emigration period,
starting in late October 1999 showed little fish movement
before the first mgjor rainfal and flow increase, which
occurred in late January 2000. Previous years' monitoring
showed salmon migration typically began between late
November and early December with a fair proportion of
the late-fall, winter- and spring-run migration occurring
by the end of January. For example, the percentage of
winter-run juveniles migrating past Knights Landing
before the end of January ranged from 64% in 19961997
to 83% in 1997-1998. So far, in 1999-2000, less than
30% of the winter run migration occurred before
February 1, 2000. (Runs are designated using Fisher
growth curves.) The influence of this year's late flow on
steelhead migration has been negligible since most stedl-
head migrate past Knights Landing in February and
March.

DELTA SMELT STUDIES. CONTAMINANT AND
INLAND SILVERSIDE EFFECTS

Bill Bennett, UC Davis and Bodega Marine Laboratory
wabennett@ucdavis.edu

We have been assessing the relative importance of
contaminant exposure and other factors influencing delta
smelt growth and survival, including the potential effects
of exoticinland silversides. The contaminant effects study
isatwo-year project funded by CALFED to assess poten-
tial contaminant effects by integration of three techniques:
genotoxic and histopathol ogic assessment of contaminant
exposure with evaluation of growth by otolith analysesfor
individual deltasmelt caught at various life-stages by |EP
monitoring programs. Theinland silverside study isalso a
two-year effort funded by |EP to analyze existing infor-
mation on the delta smelt population, as well as evaluate
the potential effects of exotic inland silversides in delta
smelt habitat.

In the first year of the contaminant effects study we
have been adapting these traditionally independent tech-
niques for simultaneous application to individual speci-
mens. To do thiswe have been accompanying | EP staff on
various |EP monitoring surveys, specifically, real-time
monitoring, 20-mm survey, tow-net survey, midwater
trawl survey, and the Bay Study program. In 1999, we

have taken over 500 blood samples from specimens,
which were then prepared for histopathological and
otolith analyses. Currently, Dr. Susan Anderson (UCD’s
Bodega Marine Lab) is analyzing blood samples for
genetic abnormalities; Dr. Swee Teh (UCD) is evaluating
tissue and organ samples, and | am processing otoliths to
assess growth patterns of the 1999 year-class. Thisinfor-
mation will be collated for individual specimensand com-
pared with the results of water quality studies by Dr.
Kathy Kuivila (USGS) (summarized in IEP Newsletter
12:8-9). In 2000, we have expanded our study to include
specimens from the USBR fish salvage facilities at the
CVP.

In the first year of the inland silverside studies we
conducted analyses of delta smelt population structure
and dynamics primarily using the summer tow-net survey
and midwater trawl indices, aswell as an evaluation of the
abundance of inland silversides as recorded in the
USFWS salmon smolt beach seine survey. These analyses
suggest the potential importance of 1+ year-old spawners,
density dependence between the juvenile and adult stages,
and wintertime salvage losses to delta smelt population
dynamics. In addition, the catch per beach seine haul for
inland silversides has continued to increase in the delta
smelt spawning habitat and is negatively correlated with
several measures of delta smelt abundance. We have also
been examining gut contents and otoliths from archived
specimens of inland silversides, as well as from instances
when delta smelt and inland silversides were caught
together in the 1999 tow-net survey. So far, these evalua-
tions indicate most delta smelt over 70 mm are 1+ year-
olds and that these older specimens exhibit higher infesta-
tions of cestode parasites.

In the second year, our goal is to assess the potential
consequences of dense schools of inland silversides in
shallow water habitat. First, we plan to provide a descrip-
tion of the spatiotemporal distribution of the expanding
inland silverside population using data from a variety of
|EP monitoring surveys. Then we will conduct diel sam-
pling and marking of individualsto assessthe daily move-
ments and responses of inland silversides to spring-neap
tidal variation. Results from these studies will be evalu-
ated with laboratory feeding studies to assess potential
foraging rates of inland silversides to estimate the poten-
tial predatory-competitive effect of schooling inland sil-
versides in shoal-water areas.




SHERMAN | SLAND AGRICULTURAL DIVERSION
EVALUATION

Matt Nobriga, DWR
mnobriga@water.ca.gov, (916) 227-2726

This element will compare the relative abundance and
species composition of fishes entrained in side-by-side
diversion siphons (one screened, one not screened) in
Horseshoe Bend. The siphons are being sampled using
modified fyke nets (1600 um mesh) that sample al of the
water coming through the siphons. Although we plan to go
forward begin this spring, we have not set a start date for
field work. We will start sampling when the DFG 20-mm
Survey begins detecting delta smelt in the vicinity of
Horseshoe Bend and when water is consistently diverted
for irrigation.

REAL TIME MONITORING

Kevan Urquhart, Robert Vincik, and Heather Mclntire, DFG
kuguhar @delta.dfg.ca.gov

The RTM PWT last met on March 23 to review and
approve two special pilot study proposals for this year's
program. One study will evaluate a larger Kodiak Trawl
net for capture efficiency. After four meetings, the RTM
PWT approved the draft program for spring 2000 on Jan-
uary 27. The majority of the RTM PWT voted to omit any
Kodiak trawling effort in the interior Delta, as analyses of
the five years of data collected through 1999 do not show
any statistically significant relationship between data
from those | ocations and sal vage of salmon, deltasmelt or
gplittail at the SWP or CVP. Stations at entry points (Sac-
ramento and Mossdal€) and the exit point (Chipps Island)
from the Delta were maintained, as managers have found
information from these sites to be useful in decision-mak-
ing for salmon, even if they are not consistently well cor-
related with salvage. These three stations are also part of
ongoing | EP monitoring programs, so thereis little or no
additional cost to keep them active five days per week and
to rapidly report their dataon the RTM Internet site. RTM
will also begin rapid reporting of the USFWS's weekly
Lower Sacramento River, San Joaquin River, and Delta
beach seine surveys. Thisis being done as a substitute for
interior Delta Kodiak trawling, and to see if upstream
seine data correlates with salvage to give more timely

forewarning of impending problems with salvage at the
CVP and SWP.

RTM sampling for delta smelt has been more success-
ful in assisting water managers to make operational deci-
sions. At the Delta Smelt Working Group’s request,
Kodiak trawling was conducted in — at four locations in
Miner and Cache sloughs and the Sacramento deep water
shipping channel to look for gravid femal e delta smelt. Six
delta smelt were collected and several were gravid. Light
trapping began in March and will continue in April. The
purpose is to determine when and where post-hatch delta
smelt can be found. Light trapping has been conducted in
Miner and Cache sloughs, Old River near Franks Tract,
Victoria Canal, and Old River near Coney Island. To date
No delta smelt larvae have been collected. Data from the
delta smelt project’s 20-mm Survey, the spring midwater
trawl, RTM light trapping data and federal beach seine
information are available at the DFG website at http://
www.delta.dfg.ca.gov/.

Thethird draft of the report Programmatic Review of
the Soring Real Time Monitoring Program in the Sacra-
mento-San Joaquin Delta was submitted to the IEP Man-
agement Team and Coordinators for review in February.
They havereturned the report to staff for further analyses.
Further revisions will not be made until thisyear’s RTM
Program iswell underway, allowing staff to redirect time
to this effort.

DELTA SMELT

Andy Rockriver, DFG
arockriv@delta.dfg.ca.gov

Delta smelt monitoring for North Bay Aqueduct
began February 15, 2000 and will continue every other
day through mid-July. Results from this survey are posted
at http://www?2.delta.dfg.ca.gov/data/nba/2000. Approxi-
mately 99% of the 12,080 larvae collected so far were
prickly sculpins. Only three delta smelt were collected:
two in the Sacramento Deep Water Ship Channel and one
in Minor Slough.

The 20-mm survey began on March 20, 2000 and will
run every other week through July. Results from this survey
are posted at http://www.delta.dfg.ca.gov/data’20mm/2000.
Distribution maps for all species collected from 1995 to the
present can now be generated at this website. Of the 11,000
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fish caught during the first survey of thisyear, only 28 were
larval delta smelt. The larvae were located primarily in the
lower Sacramento River and near Chipps Island. Lastly, at
the end of April we will conduct a short study to determine
if there is a day-night vertical migration of larval delta
smelt.

CURRENT PROGRESS ON DELTA SMELT CULTURE

Bradd Baskerville-Bridges and Joan Lindberg, UC Davis
bridges@tracy.com, (209) 839-0752

This season subadult smelt were collected primarily
from the lower Sacramento River from October through
December 1999. Individuals weighed more (1.46 g "
0.02) (mean body weight ** standard error of the mean),
compared to fish collected last year (1.24 g ** 0.04).

The capacity of our broodfish facility has doubled this
year, with the addition of three outdoor tanks. Fish started
spawning earlier in these tanks, beginning in late Febru-
ary. However, spawning was delayed one month for fish
in the three indoor tanks exposed to dim artificial light.
Video equipment is being used thisyear to monitor brood-
fish spawning activity when water clarity permits. Prelim-
inary testing of light level, water turbidity, and varying
flow rates on spawning behavior will be conducted.

The hatchery facility has been extensively modified
with the addition of two new water recirculation systems
for rearing larvae. Preliminary work to test the effect of
temperature on growth and survival of smelt larvae is
dlated for this spring and summer. Broodfish spawns have
yielded afew thousand larvae so far and they are feeding
well; we anticipate a productive year.

SKELETONEMA COSTATUM BLOOM DETECTED IN
SAN PABLO BAY

M. Scott Waller and Sephen P. Hayes, DWR
swaller @water.ca.gov, (916) 227-0433

A bloom of the diatom Skeletonema costatum was
detected by DWR's Bay Delta Monitoring and Analysis
Section staff conducting continuous, on-line water quality
compliance sampling in San Pablo Bay on March 16. The
bloom was located from the Carquinez Strait westward
into San Pablo Bay. Although the presence of S. costatum

has been documented in this region in the past, an intense
late winter S. costatum bloom of this magnitude has not
occurred recently.

An array of water quality data was obtained through-
out the bloom area. Surface water temperature values
ranged from 13.7 °C of at Carquinez Strait to 16.4 °C at
the end of the rock wall in San Pablo Bay. Fluorometric
values ranged from 25.0 fluorescence units at many loca-
tions to 245.9 fluorescence units at the end of the rock
wall in San Pablo Bay. Nephelometric turbidity units
(NTU) ranged from 10.1 NTU west of Pinole Point to
167.2 NTU at the end of the rock wall in San Pablo Bay.
Surface specific conductance values ranged from
5,400 mS/cm at the end of therock wall in San Pablo Bay
to 11,643 mS/cm near the R& W Echo Buoy in San Pablo
Bay. The spectrophotometric values of chlorophyll a and
pheophytin taken at the end of the rock wall in San Pablo
Bay were reported as 46.9 and 6.1 no/L, respectively.

The high standing biomass of S. costatum appears to
be associated with the combined effects of warmer water
temperatures, higher light attenuation and water turbidi-
ties, increased nutrient concentrations, and changing
salinity in San Pablo Bay. Follow-up field surveyswill be
conducted to further clarify the biological, chemical, and
physical processes leading to the initiation and devel op-
ment of S. costatum blooms.
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1999 LONG-TERM STATUS AND TRENDS

DELTA HYDROLOGY

Dawn Friend, DWR
dfriend@water.ca.gov

The hydrologic conditions of calendar year 1999
started normally, but a dry trend developed during Octo-
ber, November and December. Thelack of significant pre-
cipitation after April left the late fall and early winter,
when net Delta outflow typically increases, much drier
than usual. This dry trend resulted in lower than normal
net Delta outflow. Reduced outflow in conjunction with
closure of the Delta Cross Channel to keep emigrating
smoltsin the Sacramento River caused water quality con-
cerns in the South Delta. This resulted in the curtailment
of exportsfor approximately one week in mid-December.

Net Delta Outflow

Figure 1 shows the calculated Net Delta Outflow
Index (NDOI), the measured net Delta outflow for calen-
dar year 1999,and the 40 year (1959-1998) average net
Delta outflow. All outflow values are daily means. The
40-year average values were obtained from historical
DAYFLOW data. The calculated values, provided by
DWR's Division of Operations and Maintenance (O& M),
are based on the mass-balance of flowsinto and out of the
Delta. Rick Oltmann of the USGS provided the measured
Delta outflow values. Measured Delta outflow is obtained
by combining field datarecorded by four ultrasonic veloc-
ity meters (UVM). Thefour UVMs, installed at Rio Vista,
Jersey Point, Three Mile Slough and Dutch Slough,
record channel velocities which are converted to flows.
The measured Delta outflow is taken to be the algebraic
sum of flows from the four locations. The missing data
during the latter part of 1999 are due to calibration prob-
lems with the Three Mile Slough site.

Comparing the O& M calculated NDOI and the USGS
measured net outflows to the 40-year average net outflow
shows February and March outflows were higher than
average in 1999. The calculated outflow also shows the
unusually dry conditions during the late fall and early
winter. September, Octaober, November and December all
show below average net Delta outflow. The small peak in
the calculated outflow during mid-December is the result

of decreased exportsin response to water quality concerns
in the South Delta.

—— O&M calculated NDOI

120 - 1 —x«— USGS measured Net Delta Outflow|
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Figure 1 Calculated NDOI vs. measured Net Delta Outflow
for January 1 to December 31, 1999, and 40-year average
Net Delta Outflow

In comparing calculated and measured outflow, the
most notable difference occurs around February 14. This
differenceis the result of how the two datasets are gener-
ated. During this period, there was an unusua combina
tion of climatic events: low atmospheric pressure, and
strong sustained on-shore winds which resulted in an
extreme high tide. These conditions “ stored” water in the
Delta and decreased Delta outflow. While climatic influ-
encesontidesareinherent in field measurements, they are
not incorporated into the calculated Delta outflow, which
is based solely on the mass-balance of flows into and out
of the Delta. Therefore, extreme climatic conditions can
result in substantially different Delta outflow values. The
potential for tidal conditions to cause large differences
between calculated and measured Delta outflow was
addressed by Rick Oltmann of the USGS in the winter
1998 issue of the IEP Newsletter (volume 11, number 1),
“Indirect measurement of Delta Outflow using Ultrasonic
Velocity Meters and Comparison with Mass-balance Cal-
culated Outflow.”

Inflows and Exports

Sacramento and San Joaquin River mean daily flows
for 1999 are shown in Figure 2. Flow in both rivers peaked
during the last week of February, with a maximum mean
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daily Sacramento flow of 86,652 cfs and a maximum
mean daily San Joaquin flow of 15,586 cfs. Flows gradu-
aly decreased over the summer and remained low
throughout the dry fall and early winter. Figure 2 also
shows the lack of significant precipitation after early
April.
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Figure 2 Mean daily Sacramento and San Joaquin River
flows and daily precipitation for January 1 to December 31,
1999

Figure 3 shows the State Water Project (SWP) and
Central Valley Project (CVP) mean daily export rates for
1999. Mean daily SWP exports at Banks Pumping Plant
averaged about 3,700 cfsover the year with peak pumping
around 7,000 cfs in the late summer and fall. Mean daily
CVP exports at Tracy Pumping Plant averaged between
3,500 and 4,000 cfs throughout the year, with decreased
exports during the late spring and early summer. Both
show the extreme reduction in exports in mid-December
to help reduce high South Delta salinity.

Figure 4 shows the percent of Delta inflow that was
diverted by the SWP and CVP during calendar year 1999.
Two running averages are shown, three-day and 14-day,
along with the maximum allowable percent diversion for
different times of the year. From February through June,
diversions are limited to 35% of Deltainflow. For the rest
of the year, diversions are limited to 65% of Deltainflow.
The percent diverted remained below—often well
below—allowable limits except for three days in mid-
October when the three-day running average exceeded the
65% level. The cut back in exports in mid-December is
also noticeable on thisfigure.

SWP Exports @ Banks

Pumping/1000 (cfs)

Jan-99 Feb-99 Mar-99 Apr-99 May-99 Jun-99 Jul-99 Aug-99 Sep-99 Oct-99 Nov-99 Dec-99
Date

5
CVP Exports @ Tracy

44

Pumping/1000 (cfs)

04
Jan-99 Feb-99 Mar-99 Apr-99 May-99 Jun-99 Jul-99 Aug-99 Sep-99 Oct-99 Nov-99 Dec-99
Date

Figure 3 State Water Project and Central Valley Project
mean daily export rates for January 1 to December 31, 1999
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Figure 4 Percent of Delta inflow diverted for January 1 to
December 31, 1999

Annual Totals

Figure 5 compares the 40 year record for total annual
Delta outflow and total annual exports (SWP+CVP). The
1999 totals were cal culated from DWR O& M dataand the
historical totals were calculated from the DAY FLOW
database. The annual Delta Outflow Index for 1999 was
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slightly lower than the previous four years and the seven-
teenth highest in the last forty years. The annual exports
were about average for the previous four years and the
sixth highest in the last forty years.
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Figure 5 Total annual Delta outflow and annual exports for
calendar years 1959—1999

Water Supply Forecast

Asof March 1, 2000, DWR’s Bulletin 120 forecasted
water supply is above normal for the Delta watershed.
Figure 6 shows water supply as a percent of average for
the Sacramento and San Joaguin hydrologic regions. Res-
ervoir storage, snow water supply and forecasted runoff
areall at least 110% of average for both regions. Although
water year 2000 has been classified as “wet,” and DWR
originally forecast that all SWP water supply demands
would be met in calendar year 2000, a dry spring may
result in some reduction in allocations.

[ reservoir storage [ snow water content O forecasted run-off

Sac SJR

Figure 6 Water supply in percent of average for the Sacra-
mento and San Joaquin hydrologic regions

NUTRIENT BUDGETS AND NET ECOSYSTEM
METABOLISM OF SAN FRANCISCO BAY: A
STATUS REPORT

James T. Hollibaugh, University of Georgia, Athens
aquadoc@uga.edu

We recently completed an analysis of the water, salt
and nutrient budgets of San Francisco Bay to quantify the
net non-conservative fluxes of nitrogen (N) and phospho-
rus (P) in the bay (Smith and Hollibaugh 2000). Related
goals were to determine sources and sinks of N and P and
to use the biogeochemical relationships between these
elements and carbon (C) to evaluate the net production of
the bay: isit anet producer of organic matter asaresult of
primary production in the bay ecosystem or isit a site of
net decomposition of organic matter brought into the bay
by river flow, point and non-point discharges?

The bay might be expected to be a net consumer of
organic matter (or “net heterotrophic”: respiration inte-
grated over the whole ecosystem (R) > production inte-
grated over the whole ecosystem (P); PIR < 1) for a
number of reasons. Bay water isrelatively turbid, and sev-
eral studies by J.E. Cloern and co-workers (Cloern and
others 1985, for example) have shown conclusively that,
except for rare occasions during the South Bay spring
phytoplankton bloom, phytoplankton growth rate is lim-
ited by light availability. Benthic grazing, which keeps
water column phytoplankton biomass low, also contrib-
utes to reducing phytoplankton primary productivity
(Cole and Cloern 1984). Primary production in salt
marshes around the bay or by beds of submerged aquatic
vegetation or macroalgae is limited simply by the small
areal extent of these habitats. Another factor potentially
contributing to San Francisco Bay being a net het-
erotrophic ecosystem is the large loading of organic mat-
ter delivered to the North Bay by river inflow (Jassby and
others 1993). Of course, a key factor determining the
actual contribution of this organic matter to bay respira
tionisitsnutritional value to the organisms most likely to
use it—bacteria. In this context, we (Hollibaugh and co-
workers) have observed that bacterial productivity consis-
tently exceeds phytoplankton primary productivity in
some reaches of the estuary, particularly the North Bay.

However, other aspects of the bay’s ecology suggest
that it might be net autotrophic (P > R, PIR > 1). Asa
result of theimplementation of the Clean Water Actinthe
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1970s, most of the nutrients reaching the bay from sewage
treatment plants are in an inorganic form that can be
readily used by phytoplankton. The bay also hasextensive
mudflats which are known to contain areas with high
standing crops of benthic microalgae. We do not have any
good quantitative estimates of the contribution of this
group of plants to total ecosystem production, though the
high standing crops and favorable light regime on the
mudflats (at least during low tide) suggest that it might be
large. Finally, our measurements (Hollibaugh and Wong
1996) indicate that phytoplankton primary productivity
exceeds bacterial productivity in some reaches of the bay,
particularly the South Bay.

What is the management significance of resolving
these questions? After all, net ecosystem metabolismisa
very coarse measurement that integrates across trophic
levels, space, and time. It cannot be used, for example, to
estimate the production of a particular primary producer
or to estimate the amount of food available for fish. It
does, however, provide an external and independent con-
straint on the balance between production and respiration
in the system and allows one to be estimated from the
other. It aso alows us examine seasonal and interannual
differencesin the bay’s net biogeochemical performance,
providing clues as to the factors that control production
and respiration. The budgeting exercise allows usto eval-
uate the relative contributions of different sources (for
example, river flow, M&I discharges or non-point
sources) to nutrient and organic matter loadings to the
bay. The non-conservative behavior of nutrients provides
clues about the lability of organic matter supplied from
external sources, and thoughtful subdivision of the bay
“box” into smaller analytical units can help to identify
areas of particular significance to the non-conservative
behavior of nutrients, for example sub-embayments
where primary production might dominate over respira-
tion. An example of what can be done with thiskind of an
analysisis given in Smith and Hollibaugh (1997).

Our actual analysisis based on abox model approach
and is a four-step process. First, the bay “box” was
divided into sub-regions. Sub-regions were chosen based
on hydrographic considerations modulated by data den-
sity and the management or ecological questions to be
addressed. Our analysis divided the bay into nine boxes
for calculations; however, these were collapsed into three
boxes for the final analysis with one of these (the Central
Bay) used asthe “oceanic” sourcefor the other two (North
Bay and South Bay). The next step is to construct a water
budget for each box. Our analysis considered freshwater

inputs from major streams, rainfall, evaporation, and
other freshwater sources (non-point runoff, sewage and
groundwater), and was solved (steady-state assumption)
to find the flows (tidally-averaged residual flows) to and
from adjacent boxes. Once the residual flows are known,
asat budget is used to calculate the mixing exchange of
water and dissolved materials (salt istaken to be aconser-
vative tracer) between boxes. The final step is to use the
mixing exchange, al of the flows, and concentration data
for each of these to quantify the non-conservative fluxes
of materials of interest, here dissolved inorganic nitrogen
(DIN; nitrate, nitrite and ammonium) and dissolved inor-
ganic phosphorus (DIP, soluble reactive phosphate, pre-
dominantly orthophosphate). We did not budget dissolved
organic forms of these elements due to lack of data. Fur-
ther, the dynamics of particulate material can not be ade-
quately described by this approach because they have
“behavior” (sinking and resuspension) that isindependent
of water exchanges.

We analyzed winter (October through March) and
summer (April through September) data from each of six
years (water years 1990-1995) separately. This period of
record contained two years of above-average river dis-
charge (wet, 1993 and 1995) and four years of below aver-
age discharge. Due to the relative paucity of data,
additional calculations based on a simple Monte Carlo
analysis were made to evaluate the statistical robustness
of the results. We then used standard stoichiometric rela
tionships between C, N, and P in organic matter to make
inferences about C cycling in the bay and the balance
between nitrogen fixation and denitrification.

A summary of the results of our analysisis presented
in Figures 1 and 2. Bearing mind that the standard errors
of the estimates are large for the North Bay, particularly
in winter; overal the bay appears to be dightly net
autotrophic (production of new organic matter in the bay
by plant growth exceeds ecosystem respiratory demands).
Trophic status varies seasonally (autotrophy strongest in
summer) and is complicated by abiotic P absorptionin the
North Bay. Both arms of the bay were net heterotrophic
during the wet winters of 1993 and 1995, and both were
autotrophic during the summer, regardless of water year
type. Although interpretation is complicated by abiotic P
adsorption in the North Bay, less N was released during
heterotrophic period than would be predicted from P
release, and more N was removed during autotrophic peri-
odsthan would be predicted from P uptake. Thisindicates
active denitrification in the bay at arate of approximately
4 mmolesm d"1in the South Bay.
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Figure 1 Summary of dissolved inorganic phosphorus net
fluxes for North (NSFB) and South (SSFB) San Francisco
Bay. Data are broken out by season (“spring”: October-March;
“fall”: April-September), and water year type (“wet”: water years
1993, 1995; “dry”: water year 1990, 1991, 1992, 1994). “Aver-
age” is the average over all years. Net fluxes are in units of
102 moles/day, integrated over the area of the embayment.
Also shown are the biogeochemical implications of the fluxes:
“Heterotrophic” or net consumption of organic matter in the sys-
tem (net respiration leading to release of nutrients) if the fluxes
are positive; “Autotrophic” or net production of organic matter in
the system (net primary production leading to net uptake of
nutrients) if the fluxes are negative.

Peterson and others (1985) used salinity-composition
plots of North Bay nutrient data collected during the
1970s to describe nutrient dynamics in this reach. Their
results are qualitatively the same as ours, suggesting that
the nutrient dynamics of San Francisco Bay have not
changed substantially between the 1970s period of their
datarecord and the 1990s period we analyzed. While they
did not attempt to model their data or to useit to calculate
net fluxes, the shape of the curves they obtained indicate
net uptake of nutrients, especially silicate (Figure 6 in
Peterson and others 1985), during the summer. This pat-
tern was most pronounced during drier years. Peterson
and others (1985) interpreted the non-conservative behav-
ior of silicate as an indication of benthic diatom primary
production in northern San Francisco Bay, a credible

hypothesis given the high benthic chlorophyll concentra-
tions observed in shallow areas of San Pablo and Suisun
bays (Thompson, personal communication). Thus the
non-conservative fluxes of DIN and DIP we observed are
likely the result of a combination of abiotic processes (P
adsorption), primary production and heterotrophy (deni-
trification).
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Figure 2 Summary of dissolved inorganic nitrogen net
fluxes for North (NSFB) and South (SSFB) San Francisco
Bay. See notes as in Figure 1.

Taken as awhole, the nutrient loading into San Fran-
cisco Bay is presently dominated by sewage. During the
winter, about half the inorganic nutrient loading to the
Bay is sewage; in the summer, sewage contributes about
80% of the total loading. The sources of the loading are
mostly river in North Bay; mostly sewage in South Bay.
There is some uncertainty as to the origin of the nutrients
in the “river nutrient” signal entering the North Bay
through the Delta. These nutrients are assumed to origi-
nate primarily from agricultural activitiesin the Deltaand
the Central Valley, yet the urban areas of Sacramento,
Davis, Modesto, and Stockton on the periphery of the
Deltamay contribute significantly to thisinput viasewage
discharges (directly or indirectly) to theriver system.
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Given the population of the Bay Area and assump-
tions about per capita waste generation, waste water treat-
ment plants appear to currently be removing 75% to 90%
of the nutrient load from the waste stream entering sewage
treatment plants. Nutrient loads to the bay and nutrient
concentrations in it would be substantially higher in the
absence of waste treatment to the present level. However,
the low primary production of the bay is not a conse-
guence of nutrient limitation so that further nutrient eleva-
tion would probably not increase biotic uptake
significantly.

The more significant role of waste treatment in this
system may be with respect to the form of nutrient present
and perhaps with respect to pathways of inorganic nutri-
ent uptake. Typically, approximately half of the nutrient
load in raw sewage is inorganic. Besides removing nutri-
ents, treatment undoubtedly elevates the proportion of
inorganic nutrient. In clear water with low nutrient levels,
this might actually enhance biotic nutrient uptake and pri-
mary production. In San Francisco Bay, any increase in
nutrient removal probably results from abiotic sorption of
phosphorus onto particles and perhaps by elevated loss of
nitrogen through denitrification.

Before implementation of current treatment practices,
the organic carbon loading from waste is likely to have
been of greater significance to the bay foodweb and
geochemistry than nutrient loading. Organic carbon dis-
charged to the bay in the untreated sewage produced by
6 million persons would total about 60 x 10° moles dt
(720 x 10° g C d'1). Spread evenly over the bay surface of
1,200 km?, thisis equivalent to alabile C supply of about
0.6gC m2dL, if we assume that most of this material is
relatively reactive and would support heterotrophic activ-
ity (respiration and secondary production, broadly defined
to include higher organisms as well as bacteria). Primary
production in San Francisco Bay averages about
05gC m2d? (Cloern 1985). Phytoplankton biomassis
al so reactive and supports heterotrophic activity. The con-
clusion from this simple calculation is that the magnitude
of organic matter supplied by waste loading in the absence
of treatment could have exceeded the reactive organic
matter supplied by primary production. It therefore seems
likely that heterotrophic activity might approximately
double if that waste |oad were currently reaching the bay.
It should be noted that this simple geochemical calcula-
tion provides no insight as to where, within the food web
of the bay, this elevated heterotrophy would be most
strongly felt. Spatially, waste discharge data used in bud-

getary calculations suggest that the major impact would
be in the South Bay. The slow exchange times there, par-
ticularly during the summer, would clearly exacerbate any
effects from such high organic loading.
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ZOOPLANKTON AND MYSID SHRIMP

James Orsi, DFG
jorsi@delta.dfg.ca.gov

Neither zooplankton nor mysids showed any large
abundance changes in 1999, with the exception of
Acartiella sinensis, an introduced copepod (Figure 1).
This species declined sharply in spring 1999 compared to
1998 and has undergone a large decline in summer and
fall since 1996. A sample taken from San Pablo Bay indi-
catesthat A. sinensis may be abundant at salinities higher
than we normally sample.
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Figure 1 Mean abundance of the introduced copepod
Acartiella sinensis in spring (upper panel) and in summer
and fall (lower panel), 1994 to 1999

Pseudodiaptomusforbesi, the most abundant calanoid
copepod in the upper estuary and an important food for
delta smelt, continued to show widely fluctuating abun-
dancein spring (Figure 2). Its summer-fall abundance has
remained more stable, but has declined since 1988, the

year after it was first detected. Eurytemora affinis spring
abundance has increased since 1997, but remains below
the concentrations seen in most years before the establish-
ment of Potamocorbula amurensis (Figure 2). Euryte-
mora affinis has not been abundant in summer and fall
since 1986.
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Figure 2 Mean abundance of the copepod Eurytemora affi-
nis (of cryptic origin) and the introduced Pseudodiaptomus
forbesi in spring (upper panel) and in summer and fall
(lower panel), 1972 to 1999

The high outflows since 1993 have not resulted in
higher abundance of any zooplankton species. Very high
outflows move estuarine and freshwater species seaward
and prevent them from building large populations. Mod-
erate outflows presumably add more organic carbon to the
system than low outflows do, but this does not necessarily
tranglate into higher phytoplankton concentrations. In the
low salinity zone and seaward, P. amurensis may filter
most of the phytoplankton out of the water. Even in fresh-
water, upstream from the range of P. amurensis, phy-
toplankton concentrations have not been high in recent
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years and cladocerans and rotifer populations have
remained depressed (Figures 3 and 4). Food quality for
Daphnia appears to be poor (Anke Mueller-Solger, UC
Davis, personal communication). The entire system may
be suffering from a shortage of phytoplankton. Only two
species, P. forbesi and Limnoithona tetraspina (Figure 5),
both introduced, are doing well. Pseudodiaptomus for besi
would be expected to eat primarily phytoplankton,
although bacteria attached to detritus and copepod nauplii
are also possible but probably minor food sources. L. tet-
raspina belongs to a copepod group that is known to feed
extensively on nauplii. Perhaps the lower abundance of
P. forbesi in summer and fall since 1994 isaresult of pre-
dation on its nauplii by L. tetraspina.
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Figure 3 Mean abundance of cladocera in spring (upper
panel) and in summer and fall (lower panel), 1972 to 1999
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Figure 4 Mean abundance of rotifers in spring (upper
panel) and in summer and fall (lower panel), 1972 to 1999

Mysid shrimp abundance remainslow (Figure 6). The
introduced Acanthomysis bowmani has not reached the
historical levels of abundance of N. mercedis. Acanthomy-
sis bowmani does at times reach impressive concentra-
tions of several hundred per cubic meter, but does so in
Suisun Slough where sampling does not go back to 19609.
Suisun Slough is one of the few places where chlorophyl|
concentrations are high.
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Figure 5 Mean abundance of the introduced Limnoithona
sinensis and L. tetraspinain spring (upper panel) and in
summer and fall (lower panel), 1972 to 1999. Limnoithona
sinensis disappeared in 1993 and L. tetraspina appeared in the
fall of that year.
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Figure 6 Mean abundance of the native Neomysis merce-
dis and the introduced Acanthomysis bowmani in spring
(upper panel), and in summer and fall (lower panel), 1969 to
1999. Acanthomysis bowmani was first seen in 1993.

SPLITTAIL AND LONGFIN SMELT

Randall Baxter, DFG
rbaxter @delta.dfg.ca.gov, (209) 942-6081

Splittail Abundance

Splittail abundance (all ages combined) dropped off
substantially from 1998 in the 1999 fall midwater trawl
survey (Figure 1, top graph). The moderate 1999 abun-
dance index resulted mainly from the catch of age-1 split-
tail. Young-of-the-year (YOY) made up only 16% of the
total index as compared to 85% in 1998. The 1999 Y OY
index for the Delta Outflow San Francisco Bay Study
midwater trawl was low relative to 1998, but comparable
tothat of 1997 (Figure 1). The Bay Study otter trawl index
exhibited asimilar but more extreme pattern over the past
three years—no YOY were caught in 1997 or 1999 (Fig-
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ure 2). High YOY splittail abundance in the Delta contin-
uesto depend upon high spring river flows and floodplain
inundation persisting through April and into May. In both
1997 and 1999, water levels dropped rapidly during
spring, drying floodplains before or during early April.

In 1999, record high age-1 indices for both Bay Study
trawl surveysreflect strong recruitment of 1998 year-class
(Figures 1 and 2). Similar strong year-classes occurred in
1982, 1983, 1986, and 1995 and were apparent in adult
indicestwo or more years later, even though neither trawl
captures adult splittail well.

300
All Ages
200

100

Abundance

o o
< 2
a Q
£ £
54 <
(7] %]
k] ]
z P4

67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99

1600
YOY

1200 1

800 1

Abundance

400 1

Not Sampled

80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99

700
6001 Agel
500 1
400 A
300 1
200 A
100 |

Abundance

Not Sampled

80 81 82 83 84 85 86 87 83 89 90 91 92 93 94 95 96 97 98 99

700
600 1 Adult
500
400
300 1
200
100 1

Abundance

Not Sampled

80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99

Year

Figure 1 Splittail annual abundance indices from the Cali-
fornia Department of Fish and Game Fall Midwater Trawl
Survey (top graph, all ages combined) and Delta Outflow-
San Francisco Bay Study Midwater Traw! Survey (bottom
three graphs, age groups separated)
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Figure 2 Splittail annual abundance indices from the Cali-
fornia Department of Fish and Game Delta Outflow-San
Francisco Bay Study Otter Trawl Survey (age groups sepa-
rated)

Longfin Smelt Abundance

Longfin smelt abundance in 1999 changed little from
1998 in either the fall midwater trawl or Bay Study mid-
water trawl survey, but increased in the Bay Study otter
trawl survey (Figures 3 and 4). Year-class strength is a
function of both outflow during the spawning and larval
periods and, secondarily, spawning-stock size (DFG
unpublished data). In 1999, good outflow in combination
with a relatively low spawning stock (1997 year-class
spawners) resulted in only modest YOY indices. Simi-
larly, in 1998, better outflow conditions and an arguably
smaller spawning stock produced indices equivalent to or
somewhat smaller than those for 1999, depending upon
which survey’s data were compared (Figures 3 and 4). In
the near future these two modest year-classes will enable
a stronger response to good outflow conditions or will
buffer the population in the event of a one- to two-year
drought.
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Figure 3 Longfin smelt annual abundance indices from the
California Department of Fish and Game Fall Midwater
Trawl Survey, 1967—1999 (top graph, all ages combined)
and Delta Outflow-San Francisco Bay Study Midwater
Trawl Survey, 1980—1999 (bottom two graphs, age groups
separated). Numbers above graph represent indices off
present scale.
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Figure 4 Longfin smelt annual abundance indices from the
California Department of Fish and Game Delta Outflow-San
Francisco Bay Study Otter Trawl Survey, 1980—1999 (age
groups separated). Numbers above graph represent indices
off present scale.

DELTA SMELT INVESTIGATIONS

Andy Rockriver and Kevin Fleming, DFG
kfleming@delta.dfg.ca.gov

In 1999 delta smelt spawned in the Deltaand their lar-
vae remained there for much of the spring. Larval delta
smelt were distributed from the south Delta, through the
Lower Sacramento and San Joaquin rivers to Montezuma
Slough, and in the Napa River. In April and May, the
smelt were scattered throughout the Delta and Monte-
zuma Slough. In June, a large percentage till resided in
the Delta (Figure 1A), especially when compared to June,
1996 when most were located around and downstream of
the confluence (Figure 1B). By July, the 20-mm Survey
suggested the distribution had shifted towards the lower
Sacramento River and downstream to Suisun Bay. How-
ever, juvenile delta smelt were still being caught in rela
tively high numbers with Kodiak trawls and at the pumps
in the south Delta. Once the delta smelt reach 35 mm, the
20-mm net is no longer effective at catching delta smelt.
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Figure 1 Distribution maps for delta smelt caught during
20-mm survey number 5in 1996 (A) and 1999 (B). Bubbles
represent the number of delta smelt per 10,000 cubic meters.
Percentages represent the proportion of the total weighted
catch found in each region: upstream, Delta, and bay.
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Water temperatures remained relatively cool (gener-
aly lessthan 20 °C) throughout much of spring 1999. The
prolonged period of cool temperatures may have contrib-
uted to an apparent protracted spawn and the extended
residence time of juvenile delta smelt within the south
Delta.

The 1999 delta smelt summer townet abundance
index was 11.9 and the fall midwater trawl index was 864.
The summer townet index was the highest since 1994
(Figure 2) and the fall midwater trawl index (Figure 3)
was the highest since 1995; both were the third highest
since 1981. Except for 1997, the fall midwater traw! indi-
ces continued a pattern of a high abundance index in odd
years for the past ten years. A similar pattern is not found
in the summer townet indices.
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Figure 2 Summer townet abundance index for delta smelt.
Values represent the sum of volume-weighted means of eight
sampling areas. The average of the first two surveys is used.
No sampling occurred in 1966—1968.

Salvage of delta smelt at the Central Valley Project
and the State Water Project in 1999 exceeded “red light”
conditions for three consecutive months from May
through July. A total of 152,583 delta smelt was salvaged
during this time. We are currently developing a model to
predict salvage based upon continual monitoring of sal-
vage densities and projected pumping rates. During Feb-
ruary 2000 the model was used for the first time and
projections of salvage were off by less than 100 fish. We
will continue to test both the model and our luck.

1800

1500

[

N

o

o
L

900 1

Abundance Index
(2}
o
o

No Sampling

9

Illlllllll‘l 1 II||
2 85 88 91 4 97

67 70 73 76 79 8
Year

Figure 3 Fall midwater trawl abundance index for delta
smelt. Values represent the sum of volume-weighted means of
17 sampling areas sampled monthly, September through
December. No sampling occurred in 1974 and 1979.

1999 was the first year that light traps were tested as
a means of sampling larval delta smelt. The traps were
successful. A number of configurations was tried, from
anchoring the traps in fixed locations to setting the traps
adrift. Setting the traps adrift with the currents was by far
the most effective method for collecting delta smelt. We
believe that the difference may be attributed to the
absence of approach velocity problems for the larvae
attracted to the light. Interestingly, the best results were
found when the traps were set adrift near the bottom of the
channel, indicating a change in the vertical distribution
between from the surface orientation seen in earlier stud-
ies. Light trapping will continue in 2000 as part of Real
Time Monitoring.

SAN FRANCISCO BAY SPECIES

Kathryn Hieb, Department of Fish and Game
khieb@delta.dfg.ca.gov, (209) 942-6078

Annua abundance trends from 19801999 and distri-
butional information for the shrimp Crangon fran-
ciscorum, Dungeness crab, and 14 common San Francisco
Bay fishes are summarized in this article. Summary life
history information was included in the 1997 Status and
Trends reports for many of these species (DeL.edn 1998;
Hieb 1998). In 1999, below average ocean temperatures,
strong summer upwelling, and moderate freshwater out-
flow in winter and spring (daily mean of 52,856 cfs for
January to May) followed by relatively low outflow in
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summer (daily mean of 4,970 cfs for July to September)
were important in determining the abundance and distri-
bution of speciesin the bay.

Abundance of juvenile C. franciscorum declined dra-
matically in 1999 from 1998 (Figure 1), reversing the
trend of increasing indices from 1995 to 1998. The 1999
index was intermediate to other years with similar spring
outflow (for example, 1980, 1993) and does not appear to
be an outlier. Unlike the recent “wet” years, juvenile dis-
tribution was centered in Suisun Bay rather than San
Pablo Bay in late spring and early summer 1999.
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Figure 1 Annual abundance of juvenile C. franciscorum,
May to October, otter trawl

The 1999 abundance index of age-0 Dungeness crab
was the highest since 1988 and was comparable to the
1984 and 1985 indices (Figure 2). Thisincrease was most
likely a result of favorable ocean conditions in winter
1998-1999. Cool ocean temperatures and a relatively
weak northward Davidson Current are thought to resultin
increased survival and retention of Dungeness crab larvae
in the Gulf of the Farallones and increased nearshore set-
tlement. From April through August, catcheswere highest
in Central Bay, although distribution ranged from south of
the Dumbarton Bridge to Suisun Bay. By late fall, crabs
were concentrated in western Suisun Bay. Our Tidal
Marsh Study also collected Dungeness crabs in northern
Napa-Sonoma Marsh and the lower Petaluma River in
summer 1999.
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Figure 2 Annual abundance of age-0 Dungeness crab, May
to July, otter trawl

Abundance of age-0 Pacific herring was very low in
1999, comparable to the lowest indices of 1990 and 1991
(Figure 3). Juvenile Pacific herring were broadly distrib-
uted from South to western Suisun baysin April and May,
but by July, most were collected in Central Bay.
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Figure 3 Annual abundance of age-0 Pacific herring, April
to September, midwater trawl

In 1999, the abundance of northern anchovy increased
slightly from 1998 (Figure 4); indices have been remark-
ably stable since 1995. We collected northern anchovy
from South to Suisun bays, with the highest catches pre-
dictably in Central Bay and lower San Pablo Bay.
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Figure 4 Annual abundance of northern anchovy (all
sizes), April to October, midwater trawl

Abundance of age-0 jacksmelt was the lowest for the
study period in 1999, continuing the trend of low indices
since 1988 (Figure 5). We collected only 24 age-0 jack-
smelt the entire year, scattered from South to San Pablo

bays.
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Figure 5 Annual abundance of age-0 jacksmelt, July to
October, midwater trawl

White croaker abundance was also the lowest for the
study period in 1999, primarily due to arecord low abun-
dance of age-0 fish (Figure 6). The age-1+ abundance
index was the third lowest for the study period (only the
1980 and 1981 indices were lower). In 1999, distribution
of white croaker wasvery similar to recent years, with fish
most common from northern South Bay to lower San
Pablo Bay.
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Figure 6 Annual abundance of age-0 and age-1+ white
croaker, February to October, otter trawl

Bay goby abundance increased in 1999 from 1998,
and the index was very close to the study period average
(Figure 7). Bay gobies were more broadly distributed in
1999 than 1998, as they were common in South, Central,
and San Pablo bays, with a few collected in Carquinez
Strait.
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Figure 7 Annual abundance of bay goby (all sizes), Febru-
ary to October, otter trawl

The 1999 yellowfin goby abundance index decreased
dightly from 1998 (Figure 8). In 1999, age-0 yellowfin
gobies were most common in Suisun Bay and the lower
Sacramento River, with relatively few collected from San
Pablo Bay.
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Figure 8 Annual abundance of age-0 yellowfin goby, May
to October, otter trawl

After avery low index in 1998, the abundance index
of age-0 staghorn sculpin was the highest for the study
period in 1999 (Figure 9). Fish were widely distributed
from South Bay to the lower Sacramento and San Joaguin
rivers, with the highest catches in Suisun Bay in spring
and early summer and in Central Bay in late summer and
fall.
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Figure 9 Annual abundance of age-0 staghorn sculpin,
February to September, otter trawl

The 1999 age-0 shiner perch abundance index was low
for the second year in arow (Figure 10). With the exception
of 1997, indices for the past 11 years have been very low.
Abundance of age-0 pile perch was again zero in 1999 (Fig-
ure 11) and abundance of age-0 walleye surfperch continued
to be very low (Figure 12). In 1999, age-0 shiner perch were
collected from South to San Pablo bays, with most from Cen-
tral Bay. Asin previous years, most walleye surfperch were
collected at the Berkeley Pier station.
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Figure 10 Annual abundance of age-0 shiner perch, May to
October, otter trawl
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Figure 11 Annual abundance of age-0 pile perch, June to
October, otter trawl
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Figure 12 Annual abundance of age-0 walleye surfperch,
May to August, midwater trawl
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Abundance of juvenile Cadifornia halibut
(<200 mm TL) was the highest for the study period in
1999 (Figure 13). Two cohorts dominated the catch, one
of age-l and age-2 fish from winter 1997-1998 and
another larger cohort of age-0 and age-1 fish from late
summer and fall 1998. The majority of California halibut
were collected at South Bay and Central Bay shoal sta-
tions (<6 m) in 1999.
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Figure 13 Annual abundance of juvenile California halibut
(<200 mm TL), February to October, otter trawl

The abundance of age-0 English sole was also the
highest for the study period in 1999 (Figure 14). Although
cooler ocean temperatures may have resulted in astronger
year class, factors controlling recruitment of English sole
to the bay are not well understood. Age-0 fish were more
broadly distributed in 1999 than 1998, as they were com-
mon from South to San Pablo bays. In spring and early
summer, the highest catches were over the shoals of Cen-
tra and San Pablo bays; in late summer, the highest
catches were in the Central Bay channel.

Abundance of speckled sanddab increased in 1999
(Figure 15) to the highest index of the study period. In
spite of the large English sole year class, speckled
sanddab was again the most abundant species of flatfishin
the bay. In 1999, most were collected from Central Bay
(initially the channel, then moving to the shoals through
spring and summer), with afew ranging asfar upstream as
Carquinez Strait.
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Figure 14 Annual abundance of age-0 English sole, Febru-
ary to October, otter trawl
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Figure 15 Annual abundance of speckled sanddab (all
sizes), February to October, otter trawl

In 1999, the abundance of age-0 starry flounder
declined dightly from the previous “wet” years (1995—
1998), but remained well above the 1987-1994 indices
(Figure 16A) The 1999 index of age-1 starry flounder (the
1998 year class) decreased slightly (Figure 16B). In 1999,
age-0 fish were distributed from San Pablo Bay to the
lower Sacramento and San Joaquin rivers but were most
common at Suisun Bay shoal stations. Most age-1 fish
were collected over the shoals of San Pablo and